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(57) Abstract 



A connector assembly (20) for connecting expandable slotted tubing (EST) (10) comprises tabular first and second parts (22. 24> for 

dS^AIm^ *Z^JS?i™!* ^S? th^S^slctted (26> Tl^SeX^^ 

defines amale portoo (2S ) arrf th* free end of the second pan defining a femak portion (30).thefreeeruu(rftr*pambeing adapted* 
engage with one another and to permit expansion of the coupled parts in a contsrxttdlng manner to the tubing (10) 
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CONNECTOR ASSEMBLY FOR AN EXPANDABLE SLOTTED PIPE 

This invention relates to a connector assembly for use 
-connecting sections of expandable tubing, and In 
particular but not exclusively for use in the connection of 
sections of expandable slotted tubing (est, as utilised in 
downhole applications in the oil and gas exploration and 
extraction industries. 

Expandable slotted tubing (EST) , such as described in 
W093 25800 (Shell Internationale Research Maatschappi" 
B-V.,, may be used in various downhole applications. The 
tubing composes lengths of tube which have been machined 
to create a large number of longitudinal slots. Thus it 
xs relatively easy to expand the tube radially outwardly 
by, for example, running a mandrel through the tubing. The 
expansion causes the slots to extend to create diamond- 
shaped apertures. The tubing is useful where it is desired 
to, for example, line a bore below a restriction without 
further reducing the diameter of the bore. Using 
conventional tubing the outer diameter of the tubing must 
by necessity, be of smaller diameter than the restriction' 
to permit the tubing to be passed through the restriction' 
This reduction in the bore diameter has a number of 
significant effects, primarily in reducing the production 
capabilities of the bore. Using EST, the tubing may pass 
through a restriction into a reamed section of bore below 
25 the restriction. The tubing may then be expanded to a 
diameter larger than the restriction. 

EST is supplied in lengths which are, at present, made 
up into a string by welding the lengths to one another 
This is relatively time consuming and expensive and in many 
situations, for example in an off-shore operation in bad 
weather, it may be difficult to maintain consistent weld 
quality. Safety problems may also arise due to the high 
temperatures and exposed flames or sparks created by a 
welding operation. Further, in the event of a "mis-run-, 
requiring the welded lengths of tube forming the EST string 
to be separated; the tubing must be cut, and the cut tubing 
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may not be suitable for re-use. 

crovide 'a" ^ ^ ° bjeCtlveS ° f the invention to 

prov.de a means of connecting sections of EST which 
obvxates or mitigates these difficulties 

According to the present invention there is provided 
a connector assembly for connecting expandable slotted 
tubing the assembly comprising tubular first and second 

sotted Tubr ^ " ^ endS ° f r€8peCtive le ^hs of 
slotted ubing the parts being slotted and the free end of 

the first part defining a male portion and the free end of 

; e :; s d n h deflnin3 3 female — i0 * «* that the 
free ends of the parts are adapted to engage with one 

another and to permit expansion of the coupled parts in a 
corresponding manner to the tubing. 

According to a further aspect of the present invention 
there is provided a method of connecting expandable slotted 
tubing, the method comprising: 

providing first and second lengths of slotted tubing- 

th TT n ! tUbUlar 8l ° tted fir8t - d 8e «» d P-«s on 
the ends of the respective tubing lengths, the free end of 

the first part defining a male portion and the free end of 

the second part defining a corresponding female portion, 

25 J**" 1 *** 83id male «* *— Potions to connect the 

25 first and second tubing lengths. 

The invention further relates to a method of locating 
such connected lengths of slotted tubing in a bore 
including the step of radially expanding the lengths of 
tubxng and said first and second parts to form a length of 
30 expanded tubing of substantially constant internal 
diameter. 

As used herein, the term -slotted- or -slots- is 
intended to encompass any cutting, machining or weakening 
of a tubular structure intended to facilitate ra<Ual 
35 expansion, including: slots which extend only partially 
through the tube wall and which permit the remaining 
thinned wall sections to fracture or extend; and lines of 
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drilled holes. 

The parts may be arranged with the respective slots 
aligned, though this is not considered essential to the 
successful expansion of the assembly. 

Preferably, the parts define corresponding screw 
threads, such that the parts may be made up by relative 
rotation. Alternatively, the parts may be adapted to allow 
make up by stabbing in or most preferably by a combination 
of stabbing and rotation. 

In a preferred arrangement fasteners are provided for 
securing the parts to one another; this prevents radial 
separation of the free ends of the parts when the connected 
tubing is expanded and prevents rotation of one part 
relative to the other. Most preferably, fasteners are 
15 located adjacent the free end of the outer female portion. 

to prevent the end from flaring outwardly on the tubing 
being expanded. The fasteners may be releasable, for 
example short screws for location in appropriate holes 
provided in the parts, such that the tubing may be 
separated in the event of a mis-run. The use of screws and 
the like, and the associated screw-holes, also provides a 
convenient means for ensuring that the parts are in a 
desired alignment. 

Preferably also, the parts define corresponding 
25 threads and are also securable to one another by fasteners. 

Most preferably, the fasteners engage the female portion 
between the free end and the threaded portion thereof. 
This arrangement may be provided at any point in the slot 
pattern. In an alternative arrangement fasteners may also 
be provided to engage the male portion between the free end 
and the threaded portion thereof. With this arrangement it 
is preferred that threaded portions are located on the 
"nodes" of the parts, between the slot ends, that are not 
deformed by expansion of the assembly. 

Preferably also, the portion of each part for engaging 
the free end of the other part includes an undercut ledge 
or groove, and the free end of the other part defines a 
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tongue to locate in the groove. One or both of said 
portions may define a back angle to engage with a lip on 
the end of the other part. This minimises the possibility 
of the free ends flaring on expansion of the tube, such 
5 flaring of the male end would create an irregularity in. the 

tubing bore on which tools might be snagged. Where the 
parts are threaded, the lipped free end of the male portion 
is preferably arranged to deflect inwardly to pass the 
female thread, and to allow the parts to be at least 
10 partially made-up by stabbing in. Such deflection may be 
accommodated by providing a living hinge on the male 
portion. 

The parts may be formed integrally with the respective 
tubing lengths, or may be welded or otherwise secured 
thereto; the welding or securing operation may be carried 
out in a manufacturing or assembly facility, such that the 
tubing lengths may be delivered to sites ready for 
connection. 

External shoulders may be provided on the connector 
assembly on one or both parts to facilitate handling of the 
assembly and the connected tubing. Preferably, the 
shoulders are provided at nodes of the parts. 

These and other aspects of the present invention will 
now be described, by way of example, with reference to the 
25 accompanying drawings, in which: 

Figure l is a sectional view of a length of expandable 
slotted tubing (EST) , shown in an expanded configuration; 

Figure 2 is a sectional view on line 2 - 2 of Figure 
l. and also shows the EST in unexpanded configuration; 
30 Figure 3 is a half section of a connector assembly in 

accordance with a preferred embodiment of the present 
invention, with the parts of the assembly shown separated; 
and 

Figure 4 is a half section of the connector assembly 
35 of Figure 3, showing the parts connected. 

Reference is first made to Figures 1 and 2 of the 
drawings, which illustrate a length of expandable slotted 



20 



WO 96/37681 



PCT/GB96/012S0 



10 



15 



tubing (EST) 10. X n its initial configuration, the tubing 
10 xs simply a length of pipe in which a series of 
longitudinal slots 12 have been machined (shown as tube 10a 
with slots 12a in Figure 2). Applying a radially outward 
force to the tubing wall, for example by passing a mandrel 
through the tubing, causes the tube to expand such that the 
slots 12a become diamond shaped openings 12b, as described 
in WO93\25800. 

The tubing 10 is supplied in lengths suitable for 
transportation and handling and these are joined to one 
another on surface to create a tubular string. The 
connector assembly 20 as illustrated in Figures 3 and 4 of 
the drawings is used to connect such tubing lengths. The 
assembly 20 comprises a first part 22 and a second part 24 
which are mounted on the ends of the respective tubing 
lengths, m this particular example the parts 22, 24 are 
adapted to be welded to the tubing ends. The parts 22, 24 
are intended to expand in a similar manner to the tubing 
10, and as such are provided with similar longitudinal 
20 slots 26. 

The free end of the first part 22 is machined to form 
a male portion 28 and the free end of the second part 22 
defines a corresponding female portion 30 adapted to 
receive the male portion 28, as will be described. Both 
portions 28. 30 carry corresponding screw threads 32.33 
such that the parts 22, 24 may be made up by relative 
rotation. The threads are located on the •nodes" 27a, 27b 
of the fingers 40, 41 formed by the slots 26, that is the 
areas between the slot ends which remain substantially 
undeformed following expansion of the assembly 20. 

Each part 22, 24 also defines a respective undercut 
ledge 34, 35 for engaging the free end of the other part 
36, 37, which is of corresponding form. The ledge 35 
formed on the second part 24 defines a back angle and co- 
operates with a radially extending lip 39 on the free end 
of the first part 36. This serves to prevent the free ends 
of one part separating from the other part on expansion of 
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the cubing. To permit the free end 36 of the first Dart t „ 
be defies inwardly. allowing the lip „ * "thin 
the screw thread 33 on the second part . the f £ t 

8 :r: D ; u ; in9 * in9e 3e - zt wui be ^ ^ 

38 is spaced a relatively long distance fro. the free, end 
36 , such that only small degree of deflection is necessary 

1121*7' 38 to allow the free end «- — 

As noted above, the slom o C 

, uae siots 26 m the parts 22, 24 are 

arranged such that the free ends 36. 37 of the parts each 

hole' « T™: 0 ' eaCh ° f thSSe "»»•« a 

hole 42 43. The holes 43 In the second part are counter- 
sunk, whereas the holes 42 in the first part 22 are 
threaded such that the fingers 40, 41 may be secured to one 
another using a number of short screws 44. The screws 44 
are located adjacent the free end of the second part, as 
the fingers 41 will have a tendency to flare outwardly on 
expansion of the tubing. i„ addition. . line Qf BCre J 
also be provided on the other side of the threads 32, 33 
and in this case it may not be necessary to provide a back 
angle on the ledge 35, as the additional set of screws will 
prevent the expanded fingers 40 from separating fro. the 
expanded part 24. if the back angle on the ledge 35 is not 
reared, the radially extending lip 39 may be omitted and 
thus there is no requirement to provide the living hinge 
38. 

To connect two lengths of tubing provided with the 
tubing connector assembly 20, the parts 22, 24 are brought 
together, or stabbed in, such that the free end 36 of the 
first part passes inside the free end 37 of the second 
part, the end 36 being deflected inwardly to ride under the 
screw thread 33. Once the screw threads 32. 33 come 
together the first part 22 is rotated relative to the 
second part 24 until the parts 22, 24 are securely engaged 
If necessary, the first part 22 is then rotated in the 
opposite direction to bring the holes 42, 43 into 
alignment, which also serves to bring the slots 26 in the 



WO 96/37681 



PCT/CB96/01250 



10 



15 



Parts 22 24 into alignment. The screws 44 are then 
secured in the holes 42, 43. 

The desired number of tubing sections are connected in 
mannpr- t-o _ 



.v. J — connected in 

thxs «n«r to form a string and run downhole to the 
desxred location within the bore. The tubing and .the 
connector assemblies may then be expanded to the desired 
dieter. However, in the event of a mis-run, requiring 
the tubang to be withdrawn and disassembled, this ^ay J 
achieved relatively easily by removing the 
unscrewing the first and second parts 22, 24 and then 
withdrawing the male portion 28 from the female portion 30 

It will be clear to those of skill in the art that the 
above-described embodiment is merely exemplary of the 
present invention, and may be subject to various 
medications and improvements without departing from the 
scope of the invention. 
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1. A connector assembly (20) for connecting expandable 
slotted tubing (10) , the assenfoly comprising t 9 ubu ^ 
and second parts (22. 24) for on 
respective lengths of slotted tubing, the parts being 
slotted „„ and the free end of the first part defining ! 
male portxon (28) and the free end of the second part 
defxnxng a female portion (30, such that the f ree end! of 
the parts are adapted to engage with one another and to 
pernut expansion of the coupled parts in a corresponding 
manner to the tubing. 9 



2. 
(2 

aligned 
15 3 



2. The connector assembly of claim i wherein the parts 
(22, 24) are arranged with the respective slots ( 26) 



The connector assembly of claim l or 2, wherein the 
parts (22, 24) define corresponding screw threads (32 
33) such that the parts may be made up by relative 
^ rotation . 

4. The connector assembly of claim 1, 2 or 3. wherein the 
parts (22, 24) are adapted to allow make up by stabbing in. 



5 



The connector assembly of any of the preceding claims 
wherein the parts (22, 24) define corresponding screw 
threads (32, 33) and are adapted to allow make up by a 
combination of scabbing in and rotation. 

25 6. The connector assembly of any of the preceding claims 

wherein fasteners (44) are provided for securing the parts 
(22, 24) to one another. 

7- The connector assembly of claim 6, wherein the 
fasteners (44) are located adjacent the free end of the 
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female portion (30), to prevent the end from flaring 
outwardly on the tubing being expanded. 

8. The connector assembly of claim 6 or 7, wherein the 
fasteners (44) are releasable. 

9. The connector assembly of claim 8, wherein the 
fasteners are screws (44) for location in appropriate holes 
(42, 43) provided in the parts (22, 24), such that the 
tubing may be separated in the event of a mis-run. 

10. The connector assembly of any of the preceding claims 
wherein the parts (22, 24) define corresponding threads 
(32, 33) and are also securable to one another by fasteners 
(44). 



11. The connector assembly of claim 10, wherein the 
fasteners (44) engage the female portion (30) between its 

15 free end and the thread (33) thereon. 

12. The connector assembly of claim 11, wherein fasteners 
are also provided to engage the male portion (28) between 
its free end and the thread (32) thereon. 



13. The connector assembly of any of the preceding claims, 
wherein the parts (22, 24) define corresponding screw 
threads (32, 33) and the threads are located on the nodes 
of the parts. 



14. The connector assembly of any of the preceding claims 
wherein the portion of each part (22, 24) for engaging the 
free end of the other part (24, 22) includes an undercut 
groove (34, 35) , and the free end of the other part defines 
a tongue (37, 36) to locate in the groove (34, 35). 

15. The connector assembly of claim 14, wherein at least 
one of said portions defines a back angle to engage with a 
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lip (39) on the end of the other part. 



) 



«. The connector assembly of claim 15, wherein the free 
end of the male portion ( 28 , is provlded ^ fl * * 
and M arranged to deflect lnwardiy ^ ^ (33) 

be at least partially made-up by stabbing i„. 

17. The connector assembly of claim 1C> whereln gaid 
def lection is accomodated by providing a living h^e ef 
on the male portion (28) . 5 ' 

18. The connector assembly of any of the preceding claim, 
wherein the parts (22 241 e * • cceain S claims 

^ *■"» 24 > are formed integrally with •->,«, 
respective tubing lengths do) . the 

19. The connector assembly of any of claims l to 17 
wherein the parts (22. 24) are adapted to be welded to tie 
respective tubing lengths (10) . 

20. The connector assembly of any of the preceding claims 
wherexn external shoulders are provided on one or bo" 
parts (22, 24 , to facilitate handling of the assembly ( 2 " 
and the connected tubing do) . 

should C0,meCt0r aa8embly ° f Claim 20 ' ^e 
shoulders are provided at nodes of the parts (22, 24). 

22. A method of locating lengths of slotted tubing (io, 
connected with the connector assembly (20) of any of the 
preceding claims in a bore, including the step of radially 
expanding the lengths of tubing (io) and said first and 
second parts (22. 24, to form a length of expanded tubing 
of substantially constant internal diameter. 

23. A method of connecting expandable slotted tubing, the 
method comprising: 

providing first and second lengths of slotted tubing 
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(10) ; 



providing tubular slotted first and second parts (22 
24) on the ends of the respective tubing lengths <io) , the 
free end of the first part defining a male portion (28) and 
the free end of the second part defining a corresponding 
female portion (30) ; and 

coupling said male and female portions (26, 30) to 
connect the first and second tubing lengths (10) . 



WO 96X1681 



PCT/CB96/0I250 



1/3 




o 

O 

SUBSTITUTE SHEET (RULE 26) 



WO 96/37681 



3/3 



PCr/CB96A)1250 




INTERNATIONAL SEARCH REPORT 



PCT/GB 96/01250 



A. CLASStFK>TJON OF SUBJECT MATTER 

IPC 6 E21B17/08 E21B43/19 E21B43/08 



Accord to tattnusond Putt* Ojaflcesoo (IPC) or 10 both artood dgmfloaon «rxl tPC 



8. FIELDS SEARCHED 



M^»rodo«|«tt*on««r^Bd (dimflcaaon ryjttr. foUo^td by dtnxficMwr. .ymbots) 



J cd the extent Out cud) (J 



Airing the ■tfertuttocul wrch (nam of out has* tx* where pnetc*. search ft 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Ctetory- 




Rckw q> dm No. 


A 


FR.A.l 565 562 (RABUEL) 2 May 1969 
see page 2, left-hand colunn, line 43 - 
right-hand column, line 4 


1.22,23 


A 


FR.A.2 359 358 (SOCIETE ANONYM E FRANCA1SE 

DU FER000) 17 February 1978 

see page 2, line 21 - page 3, line 39 


1,22,23 


A 


US.A.4 349 850 (8 ERG STROM) 14 Septeafaer 
1982 

see column 2, line 6 - column 3, line 6 


1,22,23 






A 


US,A,2 633 374 (BOICE) 31 March 1953 
see column 3, line 67 - column 4, line 4 


1.22,23 


A 


W0,A,92 91139 (NOBILEAU) 23 January 1992 
see abstract 

-/- 


1.22.23 


[7] *«* 


m doc««mi «r« U«od to the .nim.wiuii of b« C. fx] P**m tatty tmnten arc fet* 







•A* ton 

r «dkr 
flliof < 
L* doom 

O* 

r 



I the metal i 
ItoWofparftkalarr 



■ c/Ow«t«tmch«o 



o^inanty MmdM in conflict vtth th* aputiu&oa bui 
cor chtory ttDdttfyfcm ** 



ha h e d prior to fl 
priority 4j*t di 



1 SUhf lata tut 




Dm of the actual rornpfrooo of the (mmowil acarch 

24 September 1996 


Dete of raadtAf of the H*TJttadond Kirch *eport 

26.09.96; 


Name net matin* addren of the BA 

Eiaopoa Paso* Office, FA Slit PateoUaan 2 
NL . 22S0 KV Ri jrwi> 
Td.(^3|.W)Mt>2MaTx Jl 631 cpo a* 
Fart> JI-TC)J40-M16 


Authorized officer 

Sogno. M 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



b*» toal Application No 

PCT/GB 96/01250 



| C^Cooftnutnon) DOCUMENTS CONSIDERED TO BE HELEVANT~ 



I A 
I A 



ft iodicnorw •no. jppropm*. of the rttcvmt 



DE.M7 06 962 (INTERATON GMBH) 24 
Septenfcer 1987 

see page 3, line 6 - line 29 

W0.A.93 25860 (SHELL INTERNATIONALE 
RESEARCH MAATSCHAPPIJ B.V.J 23 Deceoter 

cited in the application 
see abstract 

GB,A,792 886 (HUNTSINGERJ 2 April 1958 
see the whole document 

0E.A.40 10 234 (KARL SCHBnGEN KG FORHENBAU 
UNO KUNSTOFFVERARBEITUNG) 2 October 1991 
see claim 1 

DE.C.41 33 802 (HAWERKAMP) 22 October 1992 
see abstract 



fUJoum to dom No. 



1.22.23 
1.22.23. 

1.22,23 
1.22.23 

1.22.23 



'on» {OA/no fa 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



tafarmiocn on pafeft Umly mtxn 


l» icod AppboM No 

PCT/GB 96/ei?S6 


Patent document 
cited in search rrpcrt 


Publication 
dan 


P&lent family 


Pubticauon 



FR-A-2359358 


17-82-78 


DE-A- 
JP-A- 


2732493 
53034118 


26-01-78 
30-03-78 


US-A-4349050 


14-G9-82 


NONE 






US-A-2633374 


31-83-53 


NONE 






WQ-A-9201139 


23-G1-92 


FR-A- 
AU-A- 
EP-A- 
US-A- 


2664355 
8104091 
0536256 
5425559 


10-01-92 
04-02-92 
14-04-93 
29-06-95 



0E-U-87G6962 24-09-87 NONE 



W0-A-9325809 


23-12-93 


AU-A- 


4324593 


04-01-94 






CA-A- 


2137565 


23-12-93 






EP-A- 


0643795 


22-03-95 






JP-T- 


7507611 


24-08-95 






N0-A- 


944746 


03-02-95 






NZ-A- 


253125 


27-02-96 






US-A- 


5366012 


22-11-94 


GB-A-792886 




NONE 







DE-A-4010234 


02-10-91 


NONE 


0E-C-4 133802 


22-10-92 


NONE 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



